Summary. An antiserum to rat neutrophils was raised and used to follow the distribution of endometrial neutrophils during the peri-implantation period. Uteri from four pregnant and four pseudopregnant rats killed at 14:00, 17:00, 20:30 and 23:00 h on day 5 of pregnancy and 09:00 h on day 6 were sectioned. Four sections from each of four implantation sites and four intersites from each rat were immunostained. There was wide variability among rats in the number of endometrial neutrophils, but a nested analysis of variance showed significantly fewer neutrophils at implantation sites than at intersites from 20:30 h onwards. This difference was primarily due to the presence of more neutrophils in intersite regions of the endometrium. The results from this study do not support a role for neutrophils in the implantation-associated increase in microvascular permeability or decidualization in rats.
Introduction
One of the first signs of impending implantation in rats is a localized increase in endometrial microvascular permeability (Psychoyos, 1960; Rogers et al, 1983) . The mechanism by which the embryo initiates this microvascular response is unknown.
Increased microvascular permeability and oedema are common events in implantation and inflammation (Rogers et al, 1982; Finn, 1986) and it has been hypothesized that the early components of both these complex tissue reactions may develop along similar pathways.
One cell type that often plays a major role in initiating the inflammatory response is the circulating polymorphonuclear leucocytic neutrophil (Wedmore & Williams, 1981) . Although there have been many reports of leucocyte distribution in the endometrium during the peri-implantation period (Lobel et al, 1967; Tachi & Tachi, 1986; Sawicki et al, 1988; Noun et al, 1989) , there has only been one quantitative investigation of endometrial neutrophil distribution at this time (Finn & Pope, 1991) ; and from that study in mice, it was concluded that during the early stages of decidualization, shortly after the increase in microvascular permeability has commenced, there is an attraction of neutrophils from the blood into the endometrial stroma. This observation raises the possibility that neutrophils may mediate part of the endometrial response to the implanting embryo.
Since increased endometrial microvascular permeability is one of the few features that appears to be common to the implantation reaction seen in most placental mammals (Psychoyos, 1960; Deanesly, 1967; Boshier, 1970; Keys et al, 1986) , it is important to know whether neutrophils play a role in species other than mice. The aim of the present study was to quantify the immunohisto¬ chemical distribution of rat endometrial neutrophils over 19 h starting just before any observable increase in microvascular permeability in response to implanting embryos. Three New Zealand White rabbits, aged 7-13 months, were immunized with cells from 1-2 rats in 0-5 ml NaCl mixed with an equal volume of Freund's complete adjuvant, by intramuscular injection into both hind legs. The rabbits were given booster injections about 4 weeks later with PMNs from two rats, each in Freund's incomplete adjuvant, and subsequently at intervals of [8] [9] [10] [11] [12] weeks. Animals were bled (10-30 ml) from a marginal ear vein every 1-2 weeks to test for antibody titre, commencing 1 week after the first boost. Antineutrophil serum for this study was derived from blood obtained 2-5 weeks after the second boost. Collected blood was allowed to coagulate and the resulting serum was heat inactivated at 56°C for 30-40 min. Serum from the three rabbits was pooled after adsorption and antibody titre testing.
Adsorption of anti-neutrophil serum
Haemagglutinins were removed from the serum by adsorption with rat red blood cells from blood obtained by cardiac puncture and collected into EDTA tubes. After centrifugation of the blood, the plasma layer was discarded, the buffy coat layer was transferred to Dulbecco's phosphate-buffered saline (PBS), and 1 ml packed red blood cells was added to 5 ml antineutrophil serum; 2-3 adsorptions for 50-60 min with fresh erythrocytes at room temperature were carried out. Rat antilymphocyte antibodies were removed by adsorption (2 1 h) with lymphocytes from the buffy coat layer that had been layered over Lympho-paque. spun, and collected from the interface. Lymphocytes from approximately 1-5 ml blood were used to adsorb 1 ml antineutrophil serum.
An aliquot of adsorbed antineutrophil serum was also adsorbed against lysed peritoneal exúdate PMNs to determine whether neutrophil-specific antibodies could be removed as determined by the abolition of immunohisto¬ chemical staining. PMNs It was assumed that the data were normally distributed with a constant variance and that the observations were independent. A graphical assessment of these assumptions showed that they appeared to be valid. A transformation of the data showed no change to these conclusions, hence we undertook statistical analysis on the untransformed data. The data for implantation sites and intersites from pregnant rats were analysed by a nested analysis of variance, with the neutrophil counts for the four sections nested within each site, and the eight sites (four implantation, four intersite) nested within each rat. Differences between times were tested against inter-rat variation, and differences between implan¬ tation sites and intersites were tested against inter-site variation within each rat. Data 13-7 ± 60 7-6 ± 31 1-3+ 1-8 site 8-4 + 2-3 5-5 ± 4-2 5-5 + 2-7 5-8 + 3-0 1-4 ± 1-7 5-7 + 2-4 2-8 ± 1-8 7-6 + 3-0 3-9 + 2-6 14-4+ 4-0 2-2+1-9
6-8+ 40 6-5 + 2-7 11-9 + 3-6 4-3+ 2-2 Each data point represents counts from 16 different sections from the same rat. Results from each of the 20 pregnant rats, for implantation site and intersite neutrophils, have been placed in the same respective positions under the appropriate headings (see also Fig. 1 ).
The nested analysis of variance gave a significant difference in the frequency of neutrophils between implantation sites and intersites ( < 0001) and showed a significant interaction between time and sample site for neutrophil frequency in pregnant rats (P < 001). There was no significant difference in number of neutrophils between implantation sites and intersites at 14:00 and 17:00 h on day 5 of pregnancy, but at each sample time from 20:30 h there were significantly more neutro¬ phils at intersites than at the corresponding implantation sites. There was a significant (P < 005) increase in neutrophils at intersites between 14:00 and 20:30 h, indicating that the differences between implantation sites and intersites from 20:30 h were primarily due to an increase in neutro¬ phils at intersites rather than to a decrease in neutrophils at implantation sites. (Finn & Pope, 1991) , where there is a significant influx of endometrial neutrophils at a similar stage of implantation. This difference between the two species, with similar modes of implantation, is striking enough to support the concept that different local mechanisms are acting during early implantation in rats and mice.
The results from this study also demonstrate that, in some individual rats, the implanting blastocyst can induce the endometrial Evans blue response before hatching from its zona pellucida. A similar observation has been reported in mice (McLaren, 1969) , although in both studies a small hole or slit in the zona may have been missed because of the histological methods used to assess its integrity. Despite this, our observation supports the concept that the localized increase in endo¬ metrial microvascular permeability around the implanting blastocyst can be produced by, or at least initiated by, a substance released from the embryo that diffuses through the zona, rather than by a mechanism mediated by contact between the embryo and epithelial cells.
A number of studies have demonstrated characteristic distribution patterns for rat uterine leucocytes during the oestrous cycle and early pregnancy (Lobel et al., 1967; Tachi & Tachi, 1986; Sawicki et al, 1988; Noun et al, 1989) . Taken together, this work clearly shows that endometrial leucocyte populations are closely controlled and that these control mechanisms are under the influence of oestrogen and progesterone. The present data indicate that the embryo may also, but at a more local level, influence leucocyte distribution. However, this regulation of endometrial leucocyte populations is superimposed against a background of individual variability in total number of leucocytes. This variability was noted by Finn & Pope (1991) Despite a statistically significant reduction in implantation site neutrophils compared with intersite regions, the results of the present study tend to disprove a role for neutrophils in the microvascular, or other local, endometrial responses to the implanting embryo. The most obvious reason for this statement is that, on the basis of results from the current study, endometrial microvascular permeability clearly starts to increase before there is any significant change in neutrophil distribution. It is possible that neutrophil recruitment from the blood vessels into the endometrial stroma is reduced during early implantation, but that the pre-existing endometrial population remains, despite the short tissue half-life of this cell type, to facilitate the characteristic increase in microvascular permeability. Alternatively, there may be a high turnover of endometrial neutrophils at this time, despite a low immunohistochemical count at any given time. It is also possible that the antigenicity of the endometrial neutrophils is reduced at implantation sites, although the use of polyclonal antiserum in this study, rather than a monoclonal antibody, would tend to oppose this suggestion.
